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Draft Genome Sequence of the Piezotolerant and Crude Oil-Degrading
Bacterium Rhodococcus qingshengii Strain TUHH-12
Sara A. Lincoln,a Trinity L. Hamilton,a Ana Gabriela Valladares Juárez,b Martina Schedler,b Jennifer L. Macalady,a Rudolf Müller,b
Katherine H. Freemana
Department of Geosciences, Pennsylvania State University, University Park, Pennsylvania, USAa; Institute of Technical Biocatalysis, Hamburg University of Technology,
Hamburg, Germanyb
We report here the draft genome sequence of Rhodococcus qingshengii strain TUHH-12. The ability of this piezotolerant bacte-
rium to grow on crude oil and tetracosane as sole carbon sources at 150 105 Pa makes it useful in studies of hydrocarbon deg-
radation under simulated deep-sea conditions.
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The 2010 Deepwater Horizon oil spill and the recent expansionof deep-sea drilling highlight the importance of understanding
biodegradation processes that control the long-term fate of hy-
drocarbons in deep marine sediments. Although high pressure
can inhibit the growth of sedimentary hydrocarbon-degrading
bacteria (1), laboratory biodegradation studies are typically per-
formed at ambient pressure, and the extent to which their results
are applicable to the deep ocean is uncertain. Comparative studies
of piezotolerant hydrocarbon-degrading bacteria grown at surface
and deep-sea pressures may help identify the biochemical mech-
anisms responsible for pressure-related inhibition.
We report here the draft genome sequence of Rhodococcus
qingshengii strain TUHH-12, which we have used in high-pressure
hydrocarbon degradation studies (2). This strain was isolated
from water underlying sea ice in Spitsbergen, Norway, by aerobic
enrichment at 4°C in mineral medium supplemented with crude
oil and decane. The recent isolation of another R. qingshengii
strain (GenBank accession no. KC894023.1) from marine sedi-
ment suggests that the results of experiments using R. qingshengii
strain TUHH-12 are relevant for deep-sea biodegradation studies.
We sequenced 100 ng of genomic DNA extracted from R. qing-
shengii TUHH-12 using an Ion PGM system (Life Technologies,
Carlsbad, CA), generating 1,319,688 reads, with an N50 of 226 bp,
an average length of 205 bp, and a GC content of 61.7%. The
coverage was approximately 35. The reads were assembled using
SPAdes (version 3.0.0 [3]), resulting in 349 contigs, with a total
sequence length of 7,430,810 bp and an N50 of 133,054 bp. The
longest contig was 418,804 bp. The contigs were annotated using
RAST (4).
Rhodococci are agents of contaminant biodegradation in di-
verse environments. Their large genomes enable catabolic versa-
tility, as alkanes, polycyclic, and halogenated aromatic hydrocar-
bons, as well as ether bond-containing compounds, such as ethyl
tert-butyl ether (ETBE), can all serve as carbon substrates for Rho-
dococcus species (5).
The R. qingshengii TUHH-12 genome encodes multiple alkane-1
monooxygenases and putative cytochrome P450 hydroxylases, which
are components of aerobic alkane degradation pathways. Enzymes in
the homogentisate pathway of aromatic compound degradation that
are present in the TUHH-12 genome include homogentisate 1,2-
dioxygenase, fumarylacetoacetase, 4-hydroxyphenylpyruvate dioxy-
genase, and IclR family transcriptional regulators. Dehalogenation
pathways are represented by haloalkane and type II haloacid dehalo-
genases. A putative ETBE degradation gene is present. The TUHH-12
genome also encodes probable dibenzothiophene desulfurization
pathway enzymes, including multiple copies of dibenzothiophene
desulfurization enzyme B.
The capacity for exopolysaccharide (EPS) biosynthesis by
TUHH-12 is indicated in the genome by the presence of glycosyl
transferase, galactose phosphotransferase, undecaprenyl-phosphate
galactose phosphotransferase, GDP-L-fucose synthetase, and other
genes associated with capsular EPS production. EPS is thought to
enhance hydrocarbon solubilization and floc formation by rhodo-
cocci (6) and other hydrocarbon-degrading bacteria, and it likely
promoted the formation of oil-rich aggregates in the Gulf of Mexico
following the Deepwater Horizon oil spill (7).
Comparative transcriptomic studies of R. qingshengii TUHH-12
grown under ambient laboratory and simulated seafloor pressure
conditions will likely provide new insights into hydrocarbon degra-
dation in the deep sea.
Nucleotide sequence accessionnumbers.This whole-genome
shotgun project has been deposited at DDBJ/EMBL/GenBank un-
der the accession no. JNCU00000000, and the version described
here is the first. The raw reads were deposited in the NCBI Se-
quence Read Archive under the accession no. SRX530906.R. qing-
shengii strain TUHH-12 was deposited in the DSMZ culture col-
lection under the accession no. DSM 46766.
ACKNOWLEDGMENTS
We thank Hauke Trinks (Hamburg University of Technology) for the
collection of sea ice samples and the Genomics Core Facility at the Huck
Institutes of the Life Sciences at Penn State for sequencing.
crossmark
Genome AnnouncementsMarch/April 2015 Volume 3 Issue 2 e00268-15 genomea.asm.org 1
 o
n
 June 5, 2020 by guest
http://m
ra.asm
.org/
D
ow
nloaded from
 
This research was made possible by a grant from BP/The Gulf of Mex-
ico Research Initiative through the C-IMAGE Consortium.
REFERENCES
1. Schwarz JR, Walder JD, Colwell RR. 1974. Deep-sea bacteria: growth and
utilization of hydrocarbons at ambient and in situ pressure. Appl Microbiol
28:982–986.
2. Schedler M, Hiessl R, Valladares Juárez AG, Gust G, Müller R. 2014.
Effect of high pressure on hydrocarbon-degrading bacteria. AMB Express
4:77. http://dx.doi.org/10.1186/s13568-014-0077-0.
3. Bankevich A, Nurk S, Antipov D, Gurevich AA, Dvorkin M, Kulikov AS,
Lesin VM, Nikolenko SI, Pham S, Prjibelski AD, Pyshkin AV, Sirotkin
AV, Vyahhi N, Tesler G, Alekseyev MA, Pevzner PA. 2012. SPAdes: a new
genome assembly algorithm and its applications to single-cell sequencing. J
Comput Biol 19:455– 477. http://dx.doi.org/10.1089/cmb.2012.0021.
4. Aziz RK, Bartels D, Best AA, DeJongh M, Disz T, Edwards RA, Formsma
K, Gerdes S, Glass EM, Kubal M, Meyer F, Olsen GJ, Olson R, Osterman
AL, Overbeek RA, McNeil LK, Paarmann D, Paczian T, Parrello B, Pusch
GD, Reich C, Stevens R, Vassieva O, Vonstein V, Wilke A, Zagnitko O.
2008. The RAST server: Rapid Annotations using Subsystems Technology.
BMC Genomics 9:75. http://dx.doi.org/10.1186/1471-2164-9-75.
5. Larkin MJ, Kulakov LA, Allen CC. 2005. Biodegradation and Rhodococ-
cus—masters of catabolic versatility. Curr Opin Biotechnol 16:282–290.
http://dx.doi.org/10.1016/j.copbio.2005.04.007.
6. Whyte LB, Slagman SJ, Pietrantonio F, Bourbonnière L, Koval SV,
Lawrence JR, Innis WE, Greer CW. 1999. Physiological adaptations in-
volved in alkane assimilation at a low temperature by Rhodococcus sp. strain
Q15. Appl Environ Microbiol 65:2961–2968.
7. Gutierrez T, Berry D, Yang T, Mishamandani S, McKay L, Teske A,
Aitken MD. 2013. Role of bacterial exopolysaccharides (EPS) in the fate of
the oil released during the Deepwater Horizon oil spill. PLoS One 8:e67717.
http://dx.doi.org/10.1371/journal.pone.0067717.
Lincoln et al.
Genome Announcements2 genomea.asm.org March/April 2015 Volume 3 Issue 2 e00268-15
 o
n
 June 5, 2020 by guest
http://m
ra.asm
.org/
D
ow
nloaded from
 
